This study presents statistical relationships between various meteorological elements in Seoul city. It also discusses the vitality of the obtained relationship on the modelling of building energy consumption. The data utilized in statistical evaluations was obtained from the archives of the Korean Meteorological Agency (KMA) for a period of four years. Another set of data was derived from stateof-the-art equations. The used elements aside from aerosols are used for analysis in building energy simulations. For each weather element in the study, frequency and a monthly average are presented. Furthermore, statistical correlations are presented: solar radiation and temperature, solar radiation and sky cover, and solar radiation and aerosol optical depth (AOD). The results indicate that the common assumption of a direct relationship between temperature and solar radiation is rather incorrect. In addition, whereas high solar altitudes are usually associated with high levels of solar radiation, the obtained results indicate a relatively weak relationship between the two variables ( 2 = 0.463). The obtained results are proof that the effect of meteorological elements on, say, a building is not a single direct effect from a single variable but rather a combination of relationships between variables, which then produce a single effect.
Introduction
Buildings consume a significant amount of energy. In the US alone, it is estimated that the building sector consumes about 40% of the total energy produced [1] . Similar numbers are noticed around the world. Given the nature of the energy sources currently being utilized and the effect they have on the environment, it is important that endeavors to reduce energy consumption in all sectors are taken seriously.
Architects and scholars have made recognizable effort in reducing building energy consumption. Numerous passive strategies to reduce the dependency of buildings on the mainstream energy are being used today. Good examples for such practices include solar shading and cross ventilation. These kinds of practices have contributed massive strides in the reduction of building energy consumption. However, such passive strategies become even more helpful when coupled with the ability to predict the behavior of a building prior to actual construction; for instance, knowledge regarding the thermal behavior of a given space during the design stage might be helpful in determination of which solar control to use or during the sizing of HVAC systems. Fortunately, a number of buildings simulations tools have become very common recently. Through these tools, a lot of information in regard to the behavior and performance of a space can be deduced in the design stages. These building simulations tools rely on developed algorithms, weather, and climatic data as well as other user-specified data such as occupant behavior data and the thermal properties of building elements to predict the behavior of a given building, for instance, a building's total heating or cooling load.
However, just like most software-based programs, the accuracy of predicted results from building simulation tools is highly dependent on the input data, especially weather data. In the past, the weather input data only considered basic weather factors such as solar radiation, humidity, and wind speed. However, recently, almost all building simulation tools allow for the input of a much more detailed weather data file that includes complicated elements such as ground reflectance and turbidity levels. Even though current building 2 Advances in Meteorology simulation tools consider a wide set of weather elements, many more climatic factors need to be considered to improve the accuracy of the simulated results. In addition, scientific studies focusing on the relation of climatic conditions in regard to building energy consumption are rather insufficient. Therefore, this study, through a statistical approach, discusses the relationship between several weather elements for the climate of Seoul city. The variables discussed can be easily summarized in three basic categories: weather data, solar radiation, and aerosols. Weather data include drybulb temperature dew-point temperatures, relative humidity, atmospheric station pressure, wind speed, wind direction, total sky cover, visibility, and precipitable water. Solar radiation includes extraterrestrial horizontal radiation, extraterrestrial direct radiation, horizontal infrared radiation, global horizontal radiation, direct normal radiation, and diffuse radiation. Aerosols include SO 2 (ppm), PM10 ( g/m 3 ), O 3 (ppm), NO 2 (ppm), CO (ppm), and AOD (aerosol optical depth). The results obtained in the current study would be of significant importance to building simulation tool developers who wish to understand the relationship between various meteorological elements and their effect on building energy modelling.
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Interrelationship between Solar Radiation and Architecture
Extraterrestrial Solar Radiation.
The radiation emitted by the sun to the outer space is of a consistent attenuation unlike that emitted to the earth's atmosphere. There are diverse methods used in calculating solar radiation. Some of these methods are based on developed theories and concepts, while others are based on actual data obtained from satellites. For this study, an equation based methodology is adopted in assessing the relationship between variables as well as evaluating energy consumption. This is because the data required by the current study is unavailable in a real-time form.
Electromagnetic energy remains constant as it passes through the universal space and reaches the earth. This is the reason why solar radiation reaching the outer space carries the same energy and wavelength as it had when leaving the surface of the sun. However, the intensity of such a radiation decreases as it is largely affected by the distance where it moves further away from the sun. Extraterrestrial radiation has constant data for a year as there are no many obstacles such as those present in the earth's atmosphere ( Figure 1 ). As such, extraterrestrial radiation can be determined using (1)- (4) . Equation (2) was developed by Spencer in 1971. It considers a solar constant and dates in its calculations. Equations (3) and (4) were developed by Iqbal in 1983. It follows a methodology that calculates extraterrestrial radiation by solar constant.
Solar constant ( sc ) refers to the energy from the sun per unit time reaching a unit area of a surface perpendicular to the direction of propagation of the radiation at mean earth-sun distance outside the atmosphere (see (1) ). The solar constant ( sc ) is a critical factor in calculating extraterrestrial radiation and the current study adopts the solar constant value suggested by the World Radiation Center (WRC). The WRC suggests a value of 1367 W/m 2 , with an uncertainty of the order 1% [3] .
Assuming there is a sphere that covers the sun completely, diameter between the earth and the sun would have an average distance of 1.5 × 10 11 m. The distance from the sun increases as radiant intensity decreases following the inverse square law. The intensity of solar energy from an incoming light that falls on a perpendicular plane can be derived from total solar radiation and the area of the imagined sphere. This radiation energy can then be used to calculate the solar constant value which is adduced by the World Radiation Center (WRC) as shown by (1) 
The extraterrestrial radiation utilized in the current study is based on a methodology developed through the application of Iqbal equations. As indicated here, 96.3% of solar irradiance falls between 200∼2500 nm. It is worth emphasizing that the energy from the sun, is what is perceived as heat and light here on earth. Solar or short-wave radiation is radiation originating from the sun, in the wavelength range of 0.3 to 3 m. It includes both beam and diffuse components. On the other hand, long-wave radiation is radiation originating from sources at temperatures near ordinary ambient temperatures and thus substantially all at wavelengths greater than 3 m. Long-wave radiation is emitted by the atmosphere, by a collector, or by any other body at ordinary temperatures [5] . The region with the strongest intensity has a maximum wavelength ranging from 400 nanometers to 600 nanometers. It has a major influence on the ozone, water existing in the atmosphere, CO 2 , and a region called the daylighting zone by aerosols (380-780 nanometers) [6] .
In order to convert the outer space sunlight into extraterrestrial horizontal radiation (EHR), the equation below is used. Equation (7) is also used to calculate the ratio of extraterrestrial horizontal radiation (EHR) to Global Horizontal Radiation (GHR). At any point in time, the solar radiation incident on a horizontal plane outside of the atmosphere is the normal incident solar radiation as given by 
(see [3] ), where sc (solar constant) is a measurement of flux density per unit area that would be incident on a plane perpendicular to the rays and is the day of the year. Φ (latitude) is the angular location north or south of the equator, north positive; −90 ∘ ≤ Φ ≤ 90 ∘ , (declination) is the angular position of the sun at solar noon (i.e., when the sun is on the local meridian) with respect to the plane of the equator, north positive; −23.45 ∘ ≤ Φ ≤ 23.45 ∘ , (zenith angle) is the angle between the vertical and the line to the sun, that is, the angle of incidence of beam radiation on a horizontal surface, and (sunset hour angle) is the hour angle at either sunrise (when negative value is taken) or sunset (when positive value is taken). Equation (2) (ER) multiplied by cos (zenith angle) produces extraterrestrial horizontal radiation and is referred to as (5) . This means that (5) can be represented by (6) using the latitude, declination, and sunset hour angle instead of the zenith angle.
In order to calculate how much sunlight attenuation is brought upon by the atmosphere, the current study utilized the GHR/EHR ratio, which is the ratio of extraterrestrial horizontal radiation to terrestrial radiation (global horizontal radiation). To obtain the ratio, the values of GHR and EHR are first determined. The EHR values are computed by (5) . This is because the solar radiation penetrates the outer space without coming in touch with the atmosphere and thus is unaffected by the atmospheric medium. As for the GHR, which indicates the amount of radiation coming to the terrestrial surface through the atmosphere, the study adopted hourly meteorological data collected by the Korea Meteorological Administration (KMA). GHR can also be defined as the sum of direct radiation and diffuse radiation. As such, GHR values are largely affected by the distribution percentage of the two elements (direct and diffuse radiation). The GHR/EHR ratio determined by (7) is calculated as a percentage and is largely dependent on the distance of transmission as well as the atmospheric conditions. The ratio is used to indicate the influx of radiation in the terrestrial surface and within buildings so as to help in the evaluation of the building thermal performance or brightness of the light reaching the inside of a building. Figure 2 explains the concept behind the GHR/EHR equation. Figures 3 and 4 show the way the earth releases solar energy that it gains. The figure also shows that the amount of radiation that the earth gains is different from the amount that is reradiated and explain the data using percent scales. As indicated in the figure, when 114% of the energy is reradiated into the atmosphere, only 18% manages to escape into the outer atmosphere. This means that 96% of reradiated solar energy is absorbed by the atmosphere.
Direct and Diffuse Solar
Radiation. Solar energy which is the main source of energy on earth is divided into two portions: direct and diffuse sunlight by the time it hits the earth. The proportion of these two elements (diffuse and direct sunlight) that the sun's radiation carries affects the behavior of buildings in regard to building thermal loads When the proportion of direct sunlight is large, there is an increase in the amount of long wavelength infrared reaching the building. This long wavelength infrared that is known as thermal infrared raises the cooling load as a result of the increased indoor heat gain. As such, energy simulation computer software that is used to calculate thermal loads through the analysis of solar radiation usually separates the global horizontal radiation into two entities, beam radiation and diffuse radiation, before the analysis is conducted. The EnergyPlus software used in the current study behaves in such a way as well.
The separating method of direct and diffuse radiation presented in the EnergyPlus manual [7] is the same method presented by ASHRAE. As in (8) , extraterrestrial normal irradiance is divided into beam normal radiance and diffuse horizontal radiance by considering air mass and aerosol optical depth. The air mass changes depending on the solar altitude as indicated by (9) . Consequently, the air mass is used as a variable of exponential function.
In regard to the aerosol optical depth in (8) , the final value is affected by other elements except for air mass. As a result, 0 is calculated by (5) and b and d calculated by the exponential function are inversely proportional to the aerosol optical depth and air mass.
As such, the current study was conducted under the assumption that aerosol optical depth is able to affect energy consumption in buildings as it has an effect on the solar radiation reaching the building
(see [8] 
(see [8] ), b and d are beam and diffuse optical depths ( b and d are more correctly termed "pseudo" optical depths, because optical depth is usually employed when the air mass coefficient is unity; "optical depth" is used here for convenience), and is the angle between the line deriving from the sun and the horizontal plane. The values of range from 0 to 90 degrees, 0 degrees when the sun is positioned at the horizon, and 90 when the sun is at the zenith. The air mass has an effect on the path taken by the solar beam from the moment it passes through the atmosphere to the moment it hits the earth. It is easy to see that = 0 for the extraterrestrial space or for an earth lacking an atmosphere [9] .
Values of b and d depend on the location and change variably according to the time over the year. 
Interrelationship between Solar
Radiation and Architecture
Definition of Aerosol Optical
Depth. Aerosols are very small particles of gas and other tiny particles that float in the atmosphere. The exact size of aerosols ranges from a fraction of a micrometer to a few hundred micrometers. Aerosols exist naturally. Also, their existence has been linked to anthropogenic sources such as volcanoes, dust, bacteria, and dust. Aerosols have a huge impact on the weather and climate that we experience here on earth as they are able to affect the amount of sunlight reaching the earth and thus the ability of aerosols to block the amount of sunlight reaching the earth is measured in terms of aerosol optical depth (AOD) or aerosol optical thickness (AOT). As the AOD at a given wavelength increases, the amount sunlight reaching the earth's surface decreases. Such information is critical for determining the availability of aerosols in the atmosphere as well as their size and distribution [11] . The concept of optical depth used in this study is described by adopting beer's law, and the percentage of solar radiation transmittance achieved through the absorption and the scattering of solar radiation could decrease depending on the condition of the earth's atmosphere as illustrated by (17). The coefficient of extinction denoted by the symbol ( ) is obtained through the sum of the absorption coefficient denoted by the symbol ( ) and the scattering coefficient denoted by the symbol ( ) In this section, we recall beer law of optical depth from "a first course in atmospheric radiation" by Petty, Grant William
Beer's law of optical depth is represented by
The absorption coefficient ( ) describes the amount of power attenuation that reaches a unit distance in a second. The relationship between the absorption coefficient ( ), , and wavelength ( ) is represented by
In a medium of a uniform nature, an initial intensity denoted by 0 the symbol at a position = 0 and which increases in the -direction is described by
where is the transmittance: the amount of solar radiation that remains after travelling a certain distance Transmittance ranges from near zero to one. Given that the solar absorption coefficient is constant from points 1 to
The transmittance of radiation integrated over an optical path, ≪ 1, is calculated by
In a case where a medium remains intact (albedo = 0), the remainder of the radiation that is not transmitted during the journey is absorbed. The path absorbance is then given by
If 0 and represent the intensity of original light and the intensity of transmitted light, respectively, then the value of obtained by (14) on absorption coefficient represents "transmittance," while from (13) represents optical depth due to attenuation and light scattering. The amount of transmittance is 60% if value is 0.5 and 8% when the value of is 2.5. There is need to integrate Beer's law for an entire path through the atmosphere while considering the changes in as the location and the direction change. The integral quantity is the optical depth or optical thickness (when measured vertically in the atmosphere) or the optical path. It can have any positive value. Figure 5 explains the attenuation by dividing the atmosphere into small pieces and using integral calculus on each section as (16). The calculated value ( ) is optical depth and the transmittance value ( ) could be determined using the exponential function (see (17)). Therefore, the calculated optical depth means attenuation coefficient with no scale. Figure 6 shows that function explaining the concept of optical depth
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Measurement for Aerosol Optical Depth.
Generally, AOD is obtained by (21). Optical depth can be determined using three methods: MODIS, MATCH, and AERONET
where "AOD " is a representation of the aerosol optical depth at a given wavelength " ." Three categories of data regarding aerosols are utilized: (a) MODIS which is obtained from space borne measurements using satellite pictures obtained through NASA homepage such as Figure 7 , (b) chemical model for MATCH, and (c) aerosol optical depth data obtained through the MATCH and MODIS methods which were then compared with data obtained from actual ground sites. Most of this data was obtained through the AERONET network. For this particular study, data from 196 sites accumulated over a period of 3 years were used for a given month [12, 13] . Figure 7 was obtained from the Moderate Resolution Imaging Spectroradiometer (MODIS) run by the NASA's Terra satellite. It shows aerosol optical depth distribution data for the month of September 2015. Also, data offered by AERONET is used for ground based sites. ASHRAE explained this concept using the equation below. Measurements of AOD and precipitable water accumulated over a long period from the AERONET program were analyzed together with an angstrom exponent and used to determine the properties of aerosol optical properties
where the coefficients 0 , 1 , and 2 were determined by a line of best fit from plotted ground data. The current research adopts the AOD value offered by the AERONET.
Results
This section of the manuscript deals with weather elements that were studied in this manuscript. Statistical analyses of each of the weather elements are conducted. For each element, a monthly average and frequency are presented. Figure 8 shows hourly data from 2011 to 2014 in a monthly graph with a total of 35,040 measured datasets. The average dry temperature on the outside was 12.6 ∘ C, the standard deviation was 11.3 ∘ C, and minimum and maximum values were −17.7 ∘ C and 36.2 ∘ C, respectively. The monthly distribution graph of dry-bulb temperature shows the July and August months to be the hottest. In winter, typical weather distribution was the same with that of Seoul, where on some days temperatures go below −10 ∘ C, and frequency of temperature distribution was the highest at 20∼30 ∘ C. However, distribution frequency did not show a similar distribution to that of a distribution curve. In case of dew-point temperature as shown in Figure 9 , the average was at 4.19 ∘ C, standard deviation was at 12.6 ∘ C, and minimum and maximum were at −28.8 ∘ C and 26.9 ∘ C, respectively. Also, distributions of dew-point temperature and dry-bulb temperature showed a similar trend.
Monthly Average and Frequency of
Monthly Average and Frequency of Relative Humidity and Atmospheric Station
Pressure. The average relative humidity was at 59.8%, standard deviation was at 19.9%, and the minimum was 9%, while the maximum was 100%. Relative humidity in the months of June, July, and August was relatively larger, so we could anticipate that there are many hotter and moister days in summer. Unlike temperature distribution, frequency distribution relatively shows a figure of normal distribution curve. Therefore, distribution of 23∼24 ∘ C which is the most pleasant temperature and the appearance frequency of relative humidity 40∼60% were the highest by calculating temperature distribution of Korea only with frequency of temperature and humidity (see Figure 10 ).
In case of monthly distribution of atmospheric pressure, the average pressure was 100,586 Pa, standard deviation was 808 Pa, and the minimum was 97,510 Pa, while the maximum was 102,820 Pa (see Figure 11) . Also, the average of atmospheric pressure seems to decease during the summer period but increases gradually during the winter period.
Monthly Average and Frequency of Solar Radiation.
From the analysis, average was 628 Wh/m 2 , standard deviation was 384 Wh/m 2 , the minimum was 1 Wh/m 2 , and the maximum was 1,280 Wh/m 2 . And monthly result was not large (see Figure 12 ). In addition, the behavior of EHR is similar to that shown by outdoor temperature.
As shown in Figure 13 , the extraterrestrial direct solar radiation belonging to a particular location varies throughout the year. The average of extraterrestrial direct radiation was 1,367 Wh/m 2 , standard deviation was 33 Wh/m 2 , and the minimum was 1,321 Wh/m 2 , and the maximum was 1,415 Wh/m 2 . Extraterrestrial direct radiation presented large variations from month to month and extraterrestrial direct radiation of the summer period was the lowest. Global horizontal radiation is presented as a graph of 17,692 measured datasets without the night time values which were not measured. Global horizontal radiation can be defined as a sum of direct horizontal radiation and diffuse horizontal radiation. Direct normal radiation used in this study and diffuse radiation were divided by PEREZ equation model using measured global horizontal radiation. The results of inside global horizontal radiation distribution were calculated as follows: average of 275. of 3 Wh/m 2 and 1,008 Wh/m 2 , respectively (see Figure 14) . Solar irradiance was expected to be the biggest because the solar altitude is the highest during the summer period. However, its absolute value was low due to the presence of high amounts of clouds and interference from other atmospheric conditions. This shows that ground temperature cannot be explained by only solar energy values as global solar radiation did not exactly coincide with temperature.
Direct normal radiation refers to the quantity of solar radiation reaching a unit surface of a given area when this surface is positioned perpendicularly to the rays of the sun. The average value of calculated direct normal radiation was 281 Wh/m 2 and the standard deviation was 227 Wh/m 2 , while the minimum and maximum values were 1 Wh/m 2 and 856 Wh/m 2 , respectively (see Figure 15 ). As expected, the measurement value in summer was relatively low and the amount of solar radiation in winter was twice as high as the radiation in summer Direct normal radiation = Direct horizontal radiation sin (solar height ) .
The average diffuse radiation was 161 Wh/m 2 and standard deviation was at 119 Wh/m 2 , while the minimum was 3 Wh/m 2 and the maximum 499 Wh/m 2 (see Figure 16 ). Unlike with direct normal radiation, diffuse radiation seemed to increase in the first 6 months of the year and gradually decrease in the last 5 months of the years except for the month of July. The direct normal radiation is lower than global horizontal radiation because the value of global horizontal irradiation consists of a sum of direct normal radiation from the sun and the diffuse horizontal radiation that has been scattered by clouds and other atmospheric particles. As such subtracting the value of diffuse normal radiation from the value of global horizontal irradiation gives us an expectedly lower value of direct normal radiation.
The value of the ratio GHR/EHR is relatively smaller during the summer period than other seasons due to a decreasing global horizontal radiation. According to the analysis of the data, the average value and standard deviation of GHR/EHR were 36% and 22%, respectively, while the minimum value was 0 and the maximum value was almost 100% (see Figure 17) . maximum cloud cover. The result of analysis of the amount of clouds shows the average and standard deviation to be 4.81 and 3.93, respectively (see Figure 18) . Also, the average of sky cover is the highest during the summer period and thus a possible indicator of the impact of sky cover on the amount of solar radiation reaching the earth. In other words, there exists a negative correlation between sky cover and sunlight.
Monthly Average and Frequency of Sky Cover and
The average horizontal infrared radiation was 638 Wh/m 2 and the standard deviation was 318 Wh/m 2 , while the minimum and the maximum were 171 Wh/m 2 and 1,337 Wh/m 2 ,
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Advances in Meteorology respectively (see Figure 19 ). The average value of June, July, and August which is the hottest season showed the highest intensity of horizontal infrared radiation and generally it showed results closest to theoretically expectations. Although the temperature had many right sided result values from the center of normal distribution, horizontal infrared radiation had a higher frequency at the left side of the center.
Monthly Average and Frequency of Wind Speed and
Visibility. The average wind velocity in Seoul was found to be 2.74 m/s and had a standard deviation of 1.47 m/s. The minimum wind velocity was 0, while the maximum was 11.4 m/s. From the analyzed results, it is easy to see the absence of high velocity such as typhoons during the past four years (see Figure 20) . Visibility is a meteorological element that shows the turbidity of the atmosphere. Visibility of an atmosphere on a given day can be defined as the maximum distance from which a person with normal vision can identify an object placed on the ground in bright light conditions such as during the day. Figure 21 shows the monthly average and frequency of visibility.
Monthly Average and Frequency of Aerosol Optical Depth and Precipitable
Water. According to the 2014 annual report of air quality in Korea from the Ministry of Environment [14] , in the case of SO 2 of Seoul, annual mean pollution level tended to decrease; however, it showed no change from 2002 to 2009. Although the average of pollution level from 2010 to 2012 is 0.005 ppm, the average pollution levels in 2013 were 0.006 ppm, which is a 0.001 ppm increase from the year 2012.
In the past four years, according to measured levels of SO 2 , the monthly average of summer was lower than that of winter and it showed similar tendencies with atmospheric pressure. The quantitative result showed an average and standard deviation of 0.005 ppm and 0.003 ppm, respectively, as well as a minimum of 0.001 ppm and a maximum of 0.033 ppm (see Figure 22) .
Nowadays, people are more interested in microaerosol due to the air pollution by the Asian dust phenomenon. Microaerosol is divided into PM-10 and PM-2.5 based on diameter. PM-10 is smaller than ten thousandths mm and PM-2.5 is smaller than 2.5 thousandths mm. Microaerosol is the emission of a mixture of solid and liquid particles in the air. It can also be a result of chemical reactions or simply due In the result of monthly data analysis of PM-10 with a total of 34,605 measured datasets except missing data, its gap between maximum and minimum is the highest. The average value, standard deviation, and the minimum and maximum values of PM-10 were found to be 43. 31.9 g/m 3 , 1 g/m 3 , and 561 g/m 3 in that respective order (see Figure 23) .
The annual average of the pollution level of Seoul maintained a certain level since 1998, but after 2010, it increased by 0.001 ppm every year and it was at 0.026 ppm in 2013.
In the result of monthly data analysis of O 3 with a total of 34,605 measured datasets except for discrete missing data, the average was found to be 0.02 ppm and standard deviation was found to be 0.016 ppm, while the minimum was found at 0.01 ppm and the maximum at 0.126 ppm (see Figure 24) . In the result of analysis of the distribution of NO 2 with a total of 34,428 measured datasets, the average amount of NO 2 was found to be 0.035 ppm (see Figure 25) .
Carbon monoxide is a colorless and odorless toxic gas which is generated at incomplete combustion. Its major discharge source is transportation and it is also generated from burning of fuel in industrial processes. There are spontaneous generation such as a forest fire, kitchen, cigarette smoke, and district heating. It reduces the transporting capability of hemoglobin by changing hemoglobin into carbonyl hemoglobin (COHb). Also a high concentration of carbon monoxide is toxic and very harmful to human beings. As it turns out, CO shows a decreasing tendency from 1998 to 2014, while it showed maintained levels at 0.6 ppm from 2005 to 2008 and decreased slightly from 2009 to 2013 coming to 0.5 ppm.
In the result of measurement of CO with a total of 34,630 measured datasets, the average was found to be 0.517 ppm and the standard deviation was found to be 0.332 ppm, while the minimum and maximum stood at 0.1 ppm and 2.9 ppm, respectively (see Figure 26) .
Aerosols are solid and liquid tiny particles that float in the air. Their sizes can range from 0.001 m to 100 m. The particles diffuse and absorb sunlight, hence reducing the temperatures reaching the earth. Also, they can block people's view and may lead to unusual weather conditions.
The results of analysis with a total of 8,138 measured datasets that were obtained from AERONET showed an average of 0.653, a standard deviation of 0.606, and a minimum and maximum value of 0.032 and 5.64, respectively (see Figure 27 ). In the case of AOD, the data of June and July is relatively high and it did not show similar tendencies to previously analyzed airborne dust data.
In the result of analysis of precipitable water distribution with a total of 5,959 measured data that was obtained from AERONET, the average amount of precipitable water was shown to be 1.346 cm and the standard deviation was at .402 * * 1 * * Correlation is significant at the 0.01 level (2-tailed). Correlation is significant at the 0.05 level (2-tailed).
1.066 cm, while the minimum and maximum amounts stood at 0.077 cm and 5.75 cm in that order (see Figure 28 ). In the result of monthly observation, it showed the highest level in July and August and did not exceed 1 in the winter season. Through these results, it can be concluded that the amount of water vapor in the atmosphere contributes to the decrease in solar radiation as it is the highest in June, July, and August.
Monthly Average and Frequency of Weather Data in Seoul
Statistical Correlation between Temperature and Solar
Radiation. The correlation analysis results between the temperature levels experienced during the cooling period (May to September) and solar radiation during daytime (from 7 a.m. to 7 p.m.) show that the correlation coefficient between total solar radiation and dry-bulb temperature is no more than 0.3, and wet bulb temperature is inversely proportional to the total solar radiation. Correlation coefficient between diffusion solar radiation and dry-bulb temperature is 0.344 and is 0.107 in case of beam radiation and dry-bulb temperature, which is relatively low. Generally, dew-point temperature has high correlation coefficients with dry-bulb temperature and horizontal infrared radiation that is usually higher than 0.4. However, correlation with dry-bulb temperature and horizontal infrared radiation is exceedingly low at 0.111 in this case. This may be due at an error caused by the time lag. In the relation between dry-bulb temperature and beam radiation, the correlation is also relatively underestimated by the factors such as time lag on the earth. Also, negative correlations shown between AOD, dew-point temperature, and solar irradiation could be attributed to the influence of time lag or other variables. Table 1 shows the analysis of the correlation between temperature and solar radiation in cooling period. The results obtained from analyzing the correlation between temperature levels during the heating period (October-April) and solar radiation during daytime show no significant difference with that of the cooling period. On the contrary, certain data showed a declined correlation. Drybulb temperature and beam radiation, different from cooling period, denote negative correlation, which means that there is no correlation. Dew-point temperature and diffusion solar radiation both show negative correlation during the cooling period, but positive correlations were found during the heating period.
Relationship between horizontal infrared radiation and solar irradiation shows a similar tendency, though the correlation value is slightly low. Thus, for the heating period, discordant results between the independent variables and dependent variables were found, showing no correlation within variables. Table 2 shows the analysis of correlation of temperature and solar radiation during the heating period.
Statistical Correlation between Solar Radiation and Solar
Altitude. Theoretically, the relationship between solar radiation and solar altitude is dependent upon the angle of incident of the direct solar rays. As such, the correlation between solar altitude and direct solar radiation should be positive and strong. In this section, however, we attempt to show the correlation between solar altitude and global horizontal radiation: the sum of global direct radiation and global diffuse radiation. The latter is affected by the presence of clouds and other atmospheric particles. Figure 29 is a graph showing the dispersion of global horizontal radiation in relation to solar altitude. By the result of 2011-2014 hourly data analysis, there was no correlation as shown in Figure 29 . This is because there are many numbers of assay value ( = 17,687), which obstructs field of vision. However, through statistical analysis, the coefficient of determination was found to be 2 = 0.463. This means that the independent variable explains 46.3% of the dependent variable, thus indicating an extremely high correlation.
The results obtained through the analysis of correlations between total solar irradiation in 2011-2014, GHR/EHR, and solar altitude indicate a strong correlation between total solar irradiation and solar altitude to be = 0.68, which means being highly correlated. However, the correlation between GHR/EHR and solar altitude is = 0.229. This could mean that the relation between total solar irradiation and GHR/EHR is not strong or that there is another variable affecting the relationship of the two variables. There are several reasons why the results presented in this chapter might not have offered accurate explanations to the questions of the subject matter. For instance, it could be due to the effect of other factors that are not considered by the study. As such, determining other factors that are likely to affect solar radiation is of paramount importance. Table 3 shows the analysis of correlation of solar radiation and solar altitude.
Statistical Correlation between Solar Radiation and Sky
Cover. In Figure 30 , the analysis was carried out by setting up the 0 point global horizontal radiation as discrete missing data then assayed the relationship between sky cover and solar radiation. The calculated cloud cover (cloudiness) data shows 10-tenths data, which signifies less subdivisions as compared to other data. It also becomes difficult to optically distinguish the relation because the number of data related to dispersion in Figure 30 is greatly large. However, the result value was lower than the predicted value, considering the close relation of sky cover and solar radiation. As such, it can be assumed that there are other factors that affect solar radiation besides clouds. Figure 30 indicates that the ratio of global horizontal radiation to extraterrestrial horizontal radiation has a negative correlation as the sky cover increases. This happens when discrete missing data of global horizontal radiation is 0. Notably, the correlation with GHR/EHR was = −0.573 and was = −0.319 with global horizontal radiation, which means that the sky cover with GHR/EHR is more visibly correlated than the one with only global horizontal radiation. Unlike the results obtained with solar radiation, horizontal infrared radiation and sky cover had a positive correlation of = 0.928, which is closer to 1. This means that sky cover has a large influence on the horizontal infrared radiation. Table 4 shows the analysis of correlation of solar radiation and sky cover.
Statistical Correlation between Solar Radiation and AOD (Aerosol Optical Depth).
In case of hourly total sky cover values from 0 to 2 in the period 2011-2014, Table 5 shows the correlation of AOD, global horizontal radiation, and GHR/EHR values from July to September.
The reason for considering only 0, 1, and 2 of total sky cover (value) is that the results were only analyzed for the purpose of eliminating factors which could have an effect on attenuation between two variables, and then the results were assayed in clear sky when analyzing correlation between AOD and solar radiation.
Analysis shows that AOD has negative correlations with the majority of the variables related to solar radiation, especially, the correlation between AOD and direct solar radiation which indicated an -value of −0.442 as well as the correlation between AOD and GHR/EHR which indicated an -value of −0.45. Previously, the correlation coefficient between sky cover and solar radiation was not over 0.5, which is an indicator of a possible existence of other strong variables.
After a thorough analysis of the obtained data, AOD could also be classified as a strong attenuation factor. As precipitable water is related to the amount of clouds, the correlation between precipitable waters and horizontal infrared radiation is higher than 0.444. Table 5 shows the analysis of correlation of solar radiation and AOD. Depth) and Aerosols. Table 6 is the result of the analysis on the correlation between AOD and airborne dust in all sky conditions for four years. The correlation of each unit is over 0.7. The results of SO 2 , NO 2 , PM-10, CO, and O 3 with AOD showed no correlation. The absolute value was not higher than 0.1. This is expected due to the influence of AOD on analyzed airborne dust data such as sky cover, humidity, and also outer atmosphere data such as PM-10, CO 2 , and O 3 .
Statistical Correlation between AOD (Aerosol Optical
Conclusion
Descriptive analysis of monthly average and frequency of weather elements was conducted. 35,040 hourly weather datasets belonging to Seoul city for a time period of 2011 to 2014 were utilized for the study. This data was obtained from KMA measured data as well as data calculated by equations, while the data describing the AOD and precipitable water were obtained from the AERONET system. The obtained data is an accurate depiction of Seoul's climatic conditions.
As shown through the obtained results, although extraterrestrial direct radiation is the lowest in summer, dry-bulb temperature is the highest in summer. Also, the horizontal infrared radiation follows a similar tendency to that shown by the dry-bulb temperature.
Theoretically, solar radiation in summer is expected to be higher than that of other seasons. However, the actual calculated value is quite low. This might be due to the attenuation of total sky cover and other atmospheric elements. Nevertheless, this provides further proof that outdoor temperature cannot be merely explained by the solar radiation factor alone.
In the case of AOD, the values for June and July were relatively high and showed a varying tendency to that of aerosols. This is because there is a high amount of precipitable water in the atmosphere, in June, July, and August as it is a rainy season and typhoon season in South Korea. Also, solar radiation has an inverse relationship with sky cover, precipitable water, and AOD. According to the analysis of each relation, global horizontal radiation was the lowest in summer.
In results of statistical correlation, the relationship values between variables of weather data were analyzed and converted into correlation coefficient. The relationship between outdoor temperature and solar radiation is usually assumed to be almost of a linear nature. However, according to the calculated values, the interdependence of the two variables is not that directly proportional. This is because elements such as AOD, sky cover, and time lag were not considered in the first instance.
In addition, the higher the solar altitude, the higher the levels of solar radiation; however, a correlation between these 2 variables indicates a relatively low -value. The results are then proof of the existence of other outer interventions caused by weather conditions. The -value obtained from matching global horizontal radiation to GHR/EHR was shown to be quite low. On the other hand, the -value shown by the relationship between direct radiation and GHR/EHR is too high. Evidently, according to the results, sky conditions are a contributing factor to the relationship between GHR/EHR and direct radiation.
As such, even though matching solar radiation and AOD produce a negative correlation coefficient, each of the variables was not able to individually explain the levels of solar radiation.
